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Abstract. —To study the spermatophore, females of three species, each of a different

Aphodiini genus, and three species of one Eupariini genus we examined. All beetles were

collected in the field throughout one reproductive cycle. In Gonaphadielliis opisthius

(Bates) and Pkmolimis vittatiis (Say) (Aphodiini), no spermatophore were found, probably

because spermatozoa were freely transferred to the spermatheca in seminal fluid. In con-

trast, Cephalocychis hogei (Bates) (Aphodiini), Ataeiiius apicalis Hinton, Ataeniiis sculp-

tor Harold, and Ataeniiis cribritorax Bates (Eupariini) were found to form a spermato-

phore in transfeiTing the spermatozoa. The spermatophore is formed by males during

copulation. Its form and size are determined by the anatomy of the female genital chamber

of each species. The spermatophore is a voluminous, vesicular structure, formed princi-

pally by a large quantity of secretions from the male accessory glands. Another small

vesicle is found in the spermatophore "s interior, containing secretions and the spermatozoa

originating from the testes. The roles male secretions may play in female reproductive

activity is discussed.
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Limited studies have been done of repro-

ductive anatomy, oviposition behavior, and

reproductive cycles of Aphodiinae. These

studies cover no more than 67 Aphodiini

species and a few Eupariini and Psammo-

diini species (Martinez 2001, Martinez and

Alvarado 2001, Martinez et al. 2001, Mar-

tinez and Cruz 2002, Cruz et al. 2002).

Copulation has been observed superficially

in four Aphodiiis species (Schmidt 1935,

Landin 1961): in only one Aphodius spe-

cies, Aphodiiis distinctiis, has copulation

been described in detail (Vitner 1995).

Neither the spermatophore nor functional

aspects of the reproductive apparatus of ei-

ther Aphodiinae sex is known. This paper

provides the results of spermatophore stud-

ies in several species that belong to two

tribes of this group, namely, Aphodiini y

Eupariini. This classification is to be used

in this paper, even there are differences of

opinion and some researchers regard the

Aphodines, Euparines and Psammodinaes

as subfamilies of Aphodiidae {seiisii Bal-

tha.sar 1963).

Materials and Methods

Females of three species of three differ-

ent genera of Aphodiinae (sensu G. Della-

casa et al. 2001, 2002) were examined dur-

ing the reproductive cycle: 98 females of

Gonaphodiellits opisthius (Bates) and 126

females of Planolinus vittatits (Say) (col-

lected monthly from October 2000 to De-

cember 2001 in Las Vigas, Veracruz); and

102 females of Cephalocychis hogei (Bates)

(50 collected in June and July 2000 in Cui-

yachapa, Veracruz, and 52 collected in June
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Table 1 . State of ovarian maturity and presence of spermatophore in the genital chamber of females of some
Aphodiini and Eupariini species (n. number of females with spermatophore).

Aphodiinae

Cep/ui/dcniiis hogei

Eupariiiiac

Ataeniu.s apicolis

Ahieniiis scul/'Wr

130

57

30

Maliirmg''
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Fig. I. ScheTiie ot the sperm;itophore in Ihe genital chambers. A. Cfphalocyclus lioijfi. B. Atacnins iipicalis.

Abbreviations: co. coninuin oviduct; gc. genital chamber; ov. ovary; s. spermatheca with its gland; sp. sper-

niatophore.

times a very thick wall, depending on the

species, which is contiguous with the epi-

thelium of the genital chamber (Figs. 2 A.

B, C, D).

This vesicular structure holds a high con-

centration of secretions. Depending on the

species, the secretions show greater affini-

ties to different dyes, some to PAS -I-, oth-

ers were acidophilic or basophilic. The se-

cretions also show different forms: as larger

or smaller platelets, or granular or amor-

phous structures, sometimes with vacuoles

between them (Figs. 2 A, B, C, D) . Another

much smaller vesicle is seen among the

mass of secretions toward the anterior part

of the genital chamber and close to the exit

of the spermathecal duct. Within this small-

er vesicle are found a smaller quantity of

secretions and the spermatozoa. This small-

er vesicle is more apparent in Ataeiuus spe-

cies (Figs. 2B, C, D).

The spermatophore is probably formed

by the male during copulation, which in all

the species studied takes place within a

dung pat. Analysis of the glandular reser-

voirs of the males of the different species

clearly shows morpho-functional modifica-

tions depending on state of sexual maturity,

particularly relative to copulation. In im-

mature males, the reservoirs are small and

without secretions. In mature males before

copulation, the reservoirs show their largest

size and volume; and in males following

copulation, the reservoirs decrease to

roughly one-half (39'7r-67%) maximum
volume, depending on the species (Fig. 3,

Table 2).

During copulation, males liberate a large

quantity of secretions from the accessory

glands through the glandular ducts, secre-

tions that have been stored in the glandular

reservoirs. At the same time the males must

liberate, through the vasa deferentia, the

spermatozoa that come from the testicles.
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Fig. 2. Microphotographs of the spermatophore. A. C(7>/)((/<)( yr/iM /;()i;i; partial \iew B \imuiu\ iipimln

partial \ iew. C. Alaeniits crihritonix. complete view. D. Ataenius cnhiiiotax partial \iew Abbic\ialions gLV\

genital chaiiiher wall; se. secretions; spw. spermatophorc wall; ve, vesicle with secretions and spermato/oa

Both the secretions and speiniatozoa pass

through the ejaculatory duct, found in the

ejaculatory bulb, and from there through

the internal sac of the aedeagus to be de-

posited in the female genital chamber as an

elaborated spermatophorc. In the six spe-

cies examined, because the quantity of sper-

matozoa was low, morpho-functional

changes in the testicles were not dramatic.

Spermatozoa size varied depending on

the species. In Aphodiini, spermatozoa are

long, though the length varies according to

the species" follicle size. In Gonaphodiellits

opisthiiis. males have seven follicles of the

Table 2. Variation in male glandular reservoir volume of some Aphodiini and Eupariini species in different

states of sexual maturitv (n. number of males examined I,
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Fig. 3. Scheme of Ihe mule glandular reservoirs. A. CcphalmyiiHs hiif^ci. B. Ataenins iipicalis. a, inmature;

b, mature before copulalion; c, mature after copulation. Abbreviations: ag, accessory gland termination; gd,

beginning of the glandular duct; gr, glandular reservoir; se. secretions; sgr, sac of the glandular reservoir.

same size and the spermatozoa measure up

to 2.000 iJim. In contrast, Plcinolinns vitlatiis

has six large follicles and two small ones,

and two sizes of spermatozoa, 600 and

1,100 |xm. Cepluilocycliis hogei has three

large follicles and two small ones, and two

spermatt)zoa sizes, 800 and 1 ,500 |jim. The

three Eupariini species, Ataenius apicalis.

A. sculptor, and A. crihritorax, each have

just two testicular follicles of the same size

per testis, and the size of their spermatozoa

does not vary so much, from 100 to 160

|jLm, depending on the species.

The presence of a spermatophore and

state of ovarial maturity differed among the

species studied (Table 1). In C. hogei. the

spermatophttre was not present in any im-

mature female, but it was found in maturing

females with several oocytes per ovariole as

well as in mature females before and after

oviposition. In A. apicalis. A. sculptor, and

A. crihritorax. the spermatophore was
found in the genital chamber in immature

females without oocytes and in females that

had begun maturation (i.e., that presented a

very small basal oocyte in each ovariole).

In all species studied, including G. op-

isthius and P. vittatiis, the females toward

the end of maturation or at maturity had

spermatozoa in the spermatheca. This find-

ing suggests that once immature or mature

females have copulated, the spermatozoa

pass to the spermatheca, while the secre-

tions that form the spermatophore may be

reabsorbed in the genital chamber. In G. op-

istliius and P. vittatus, in which spermato-

phores were never found, the spermatozoa

must he freely transfened in the seruinal
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fluid to the genital chambers of maturing

females and from there to the spermatheca.

hi these species, it is very likely that the

male secretions forming the seminal fluid

are also reabsorbed in the genital chamber.

Dl.SCLI,S.SION

The form and size of spermatophore in

Cephalocyclus hogei, Ataeniiis apicalis, A.

sculptor, and A. crihritora.x conforms to the

genital chamber of each species, as in other

Coleoptera species (Landa 1960, Cruz and

Martinez 1992).

The spermatophore of these species is

vesicular, as is also true for Coleoptera spe-

cies belonging to other families (Fisher

1959, Gundevia and Ramamurty 1977, Ob-
ala 1987). In contrast, in the seven Scara-

baeidae species that have been studied, this

structure is more elaborate —a vesicular-fil-

amentous structure with a very long hla-

ment (Heymons 1930, Halffter and Lopez

1977, Halffter et al. 1980, Cruz and Mar-

tinez 1992).

In insects, particularly Coleoptera, the

transfer of spermatozoa to the spermatheca

is effected in two principal ways: through

the initial formation of a spermatophore.

which is transfened to the genital chamber,

where it is reabsorbed, toward liberating the

spermatozoa; or through the free transfer of

spermatozoa in seminal fluid (Davey 1960,

Mann 1984). Cephalocyclus hogei, Ataen-

iiis apicalis, A. sculptor, and A. cribritorax

belong to the former group, and Gonapho-
diellus opisthius and Planoliiuis vittatus to

the latter.

The secretions that form the spermato-

phore in C. hogei, A. apicalis, A. sculptor.

and A. cribritorax come from the accessory

glands of the male, and the chemical nature

of these secretions is unknown. The acces-

sory glands of these species are very de-

veloped mesadenes, there are not ectadenes

(Martinez et al. 2001). It has been widely

observed that mesadenes in insects are the

principal glands involved in spermatophore

formation (Leopold 1976, Mann 1984).

The abundant secretions of the spermato-

phore of the species studied are no doubt

involved in other reproductive processes. In

insects, these secretions are responsible for

inducing complex functions, such as inter-

vening in the formation of the spermato-

phore, providing energy to maintain and

transport spermatozoa in the female genital

tract, inducing ovarian maturation and vi-

tellogenesis, and even forming part of the

oocyte yolk (Mann 1984, Huignard 1984,

Marti'nez and Cruz 1999).

It is very likely that, in the species ex-

amined here, the secretions play an impor-

tant role in ovarian maturation given that

copulation is carried out with females that

are immature or just beginning maturation,

and not with those that are mature, as is the

case for other species of insects (Raabe

1986), particularly some Scarabaeidae spe-

cies (Martinez and Cruz 1990, Marti'nez et

al. 1996). On the other hand, in Cephalo-

cyclus hogei, copulation occurs when the

females are mature. One possible explana-

tion is that, because C. hogei has a very

short reproductive cycle following a very

long diapause (Cruz et al. 2002), the sper-

matophore secretions may terminate vitel-

logenesis such that oviposition may occur

as quickly as possible. Ataenius apicalis

and A. sculptor, in contrast, present longer

reproductive cycles, particularly the first,

which shows no diapause (Martinez and

Cruz 2002). The cycle of A. cnhrithorax

has not yet been documented.

The fact that relatively few spermatozoa

were seen in the spermatophore of the six

Aphodiinae species studied is consistent

with the studies of Virkki (1951, 1957).

Virkki mentions that the number of sper-

matogonia in the germarium is low, with

the result that fewer cysts are present during

spermatogenesis and in turn fewer sper-

matozoa are seen at the end of the process.

The unusual spermatozoa size found in

Aphodiini species has been observed in

other Coleoptera species, including Alo-

goasa bicolor (L.) (Chrysomelidae) (Virkki

and Bruck 1994), Divalves hipustulatus (¥.)

(Cleridae), and Ptinclla aptcra (Guerin)
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(Ptiliidae) (Mazzini 1976, Taylor et al.

1982). and in some Diptera species, includ-

ing Drosophiki littoralis (Drosophilidae)

Meigen (Bressac et al. 1991). What would

be the advantage to Aphodiini species to

have such a small number of long sperma-

tozoa? Several other questions also arise

about spermatozoa size: Howdo these sper-

matozoa pass from the testes to the sper-

matheca? And afterward, how are the sper-

matozoa released from the spermatheca to

fertilize the oocyte?

This spermatozoa behavior during and

after copulation is not known, nor is much

else known about the reproductive strate-

gies of dung beetles, in particular Aphodi-

inae species, which have been the least

studied.
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